Comparative research on aphasia and aphasia rehabilitation is challenged by the lack of comparable assessment tools across different languages. In English, a large array of tools is available, while in most other languages, the selection is more limited. Importantly, assessment tools are often simple translations and do not take into consideration specific linguistic and psycholinguistic parameters of the target languages. As a first step in meeting the needs for comparable assessment tools, the Comprehensive Aphasia Test is currently being adapted into a number of languages spoken in Europe. In this article, some key challenges encountered in the adaptation process and the solutions to ensure that the resulting assessment tools are linguistically and culturally equivalent, are proposed. Specifically, we focus on challenges and solutions related to the use of imageability, frequency, word length, spelling-to-sound regularity and sentence length and complexity as underlying properties in the selection of the testing material.
Introduction
Aphasia is characterised by extensive variation in severity and type of language impairment as well as in management strategies and impact on quality of life, both within and across speakers with aphasia and their families (Whitworth, Webster, & Howard, 2014) . Moreover, aphasia research is heterogeneous and characterised by language-, country-and discipline-specific features (e.g. Gitterman, Goral, & Obler, 2012; Menn & Obler, 1990) . Hence, comparison across borders (linguistic, regional or disciplinary) is often difficult or impossible to achieve. A particular obstacle to comparative research on aphasia and aphasia rehabilitation is the lack of comparable assessment tools and outcome measures across different languages. This diminishes the potentially cumulative strength and broader relevance of the evidence (cf. Collaboration of Aphasia Trialists, 2013, and references therein).
With respect to English, there are manyprimarily diagnostictools available, such as the Boston Diagnostic Aphasia Examination (Goodglass & Kaplan, 1972 , 1983 Goodglass, Kaplan, & Barresi, 2001) , the Western Aphasia Battery (Kertesz, 1982) , the Comprehensive Aphasia Test (Swinburn, Porter, & Howard, 2004) , the Bilingual Aphasia Test (Paradis & Libben, 1987) , the Aachen Aphasia Test (Miller, De Bleser, & Willmes, 1997; Miller, Willmes, & De Bleser, 2000) , the Porch Index of Communicative Ability (Porch, 1971) or the Psycholinguistic Assessment of Language Processing in Aphasia (Kay, Lesser, & Coltheart, 1992) , to name a few. There are also several tools focusing on particular (linguistic, psychosocial, etc.) aspects of aphasia. In most other languages, the selection is scarce, and often the tools are direct translations of one or more of the above-mentioned tests (see also Ivanova & Hallowell, 2013) . In fact, the lack of adapted and clinically feasible comprehensive cross-linguistic assessment tools hinders not only comparability of aphasia assessment results across languages for both clinical and research purposes, but also the management of multilingual individuals with post-stroke aphasia.
The Collaboration of Aphasia Trialists (COST Action IS1208, 2013-2017)which is an EUfunded network of multidisciplinary aphasia investigators from 26 countries, mainly in Europe acknowledges the need for comparable assessment tools across languages spoken in Europe, adapted to the specificities and the linguistic properties of the languages. As a first step in meeting this need, The Comprehensive Aphasia Test (CAT), originally developed for English by Swinburn, Porter, and Howard (2004) , is currently being adapted into the following languages which are spoken in Europe: Basque, Catalan, Croatian, Cypriot Greek, French, (Standard Modern) Greek, Hungarian, Norwegian, Serbian, Spanish, Swedish and Turkish. 1 The present methodological article is based on the CAT adaptations into these 12 languages. Such an adaptation enterprise allows us to pave the way for collecting and pooling large amounts of comparable data with different versions of the same outcome measure and facilitate more robust research on aphasia rehabilitation (see also Ali, English, Bernhardt, Sunnerhagen, & Brady, 2013; Brady, Ali, Fyndanis, Kambanaros, Grohmann, Laska, Hernández-Sacristán, & Varlokosta, 2014) . The present article is based on the collaborative effort carried out by researchers and clinicians who are members of the second working group (WG2) of the Collaboration of Aphasia Trialists, 2 which specifically addresses questions on assessment and outcomes.
Rationale for adapting the CAT
Once acknowledging the need for comparable cross-linguistic assessment tools, the first step of the process was to define the criteria that such a test should meet. Previous research (Tsapkini, Vlachou, & Potagas, 2010; Ivanova & Hallowell, 2013 among others) has stressed the fact that a cross-linguistic tool should be comprehensive, relatively short and clinically relevant (in helping to design treatment approaches and inform further assessment). Furthermore, it should be user friendly in order to accommodate different professionals involved in the assessment process (such as speech and language therapists, medical doctors, neuropsychologists or neurolinguists, as is often the case in many countries across Europe). The final tool should then ideally be standardised, normed and validated for each of the target languages.
The second step was to review existing aphasia assessment tools, evaluate to what extent there is a need to develop new ones or eventually adapt one of the existing tools to the languages that lack such a test. Several commonly used assessment tools were evaluated. The most striking realisation was that there is a lot of variability in the domain of assessment across countries. Of major concern was the fact that a number of countries have no assessment tools available, as there is no diagnostic tradition for aphasia in place (e.g. Croatia or Cyprus), nor do they have tools suited to their sociolinguistic reality (e.g. in the Basque Autonomous Community, aphasia assessment tools are only available in Spanish, despite the fact that both Spanish and Basque are official languages). We concluded that there was no need to create a new tool and that the CAT (Swinburn et al., 2004) met the criteria for the intended cross-linguistic use. 3 The CAT is comprehensive in its scope, as it covers not only the purely linguistic aspects of aphasia, but it also includes a cognitive screening as well as a questionnaire focusing on disability and quality of life. Despite its comprehensiveness, the CAT is a relatively short test, which is also normed and validated for English, and widely used in the English-speaking world. Thus, it can be used both as an assessment tool that will provide the clinician with a summary of the aphasic speaker's linguistic abilities and impairments, on the basis of which language remediation can be designed, and further 'as a means of monitoring recovery and measuring outcome' (Howard, Swinburn, & Porter, 2010a: 59) . This methodological article focuses on the language battery of the CAT, since it is the most challenging component due to its inherent cross-linguistic and cross-cultural variability.
Following Paradis and Libben (1987) and Bates, Wulfeck, and MacWhinney (1991) on the inappropriateness of direct or literal translations of existing assessment tools between languages, we decided to develop adaptations of the CAT and not simple translations. 4 Previous research underlines the need to take into account not only the linguistic but also the cultural differences between language communities (Edwards & Bastiaanse, 2007; Roberts, 2008 , among others) when choosing to adapt an existing assessment tool to a particular language. Thus, the developed adaptations presented here take into account both linguistic and cultural differences across systems and language communities.
With respect to the language battery, the tool involves one comprehension part (subtests 7 to 11) and one expressive language part (subtests 12 to 27) that cover a wide range of areas and that are 'designed to elicit as much information as possible about the factors determining performance accuracy in each task within a limited number of items' (Howard et al., 2010a: 60) :
(1) auditory comprehension: single word (subtest 7), sentence (subtest 9), and paragraph level (subtest 11); (2) written comprehension: single word (subtest 8) and sentence level (subtest 10); (3) repetition: simple words (subtest 12), complex words (subtest 13), non-words (subtest 14), digit strings (subtest 15), and sentences (subtest 16); (4) verbal expression: objects (subtest 17), actions (subtest 18), and picture description (subtest 19);
(5) oral reading: including regular and irregular, short and long simple words (subtest 20), complex words (subtest 21), function words (subtest 22), and non-words (subtest 23); (6) written expression: same-and cross-case letter and word copying (subtest 24), single word confrontation naming (subtest 25), writing to dictation (subtest 26), and picture description (subtest 27).
Importantly, unlike many other assessment tools, the linguistic properties and psycholinguistic variables underlying the choice of subtests and materials in the CAT are stated explicitly in the manual, which greatly facilitates the adaptation procedure. These include word frequency, imageability, word length, phonological and semantic relatedness, orthographic regularity, animacy, morphological complexity, sentence length and syntactic complexity. 5 These variables have all been shown to affect performance of people with aphasia on a variety of tasks (e.g. Bastiaanse, Bouma, & Post, 2009; Bastiaanse, Wieling, & Wolthuis, 2015; Whitworth et al., 2014 , and references therein). Below we underline the need to address challenges related to the adaptation of the testing material with respect to these variables and the solutions proposed.
The CAT adaptation process
A key feature of the adaptation process was to select adequate material on the basis of the linguistic properties (word length, spelling-to-sound regularity, sentence length and complexity) and psycholinguistic variables (imageability and frequency) underlying the test items of the original CAT, but also to address certain problems related to cultural differences across language communities and to some limitations of the test. For each language, local teams were formed. Each language team followed a committee approach (Hambleton, 2005) , actively involving stakeholders including speech and language therapists, linguists, and in some cases psychologists and individuals with aphasia in the process. The adaptations of the CAT into the specific languages followed the guidelines that had been jointly established and agreed upon during the regular meetings of WG2 'Assessment and Outcomes' within COST Action IS1208.
One of the first decisions was not to change the basic format of the test in order to maximise comparability of versions across languages. This means that each language version of the CAT had to have the same number of subtests and items in each subtest, and adhere to the original scoring system.
We also decided to adapt rather than translate the test. Thus, we kept the same underlying linguistic and psycholinguistic variables in all the new versions as in the original CAT, while respecting cultural differences across the different language communities. Many of the languages involved in the project lacked the necessary background data on variables such as frequency and imageability. Hence, as part of the adaptation process, these data had to be collected. Moreover, there were many new items in the language battery that had to be created in order to replace those of the original version that were not adequate or did not respect the linguistic properties and/or cultural constraints of the particular language communities. Consequently, a large number of new illustrations had to be drawn. The new illustrations for the adaptations needed to be as similar as possible to the original (i.e. black and white line drawings), stylistically close and culturally appropriate.
Challenges and solutions
All the adaptations were adaptations of the English CAT into different languages. Challenges included: (a) cultural differences across language communities; (b) betweenlanguage community differences regarding the availability of background data on variables such as frequency and imageability; and (c) specific cross-linguistic differences involving different language levels, such as phonology (e.g. spelling-to-sound regularity), syntax (e.g. sentence complexity) and the lexicon (e.g. word length).
a. Cultural appropriateness
With respect to the cultural aspect, some items of the original test were inappropriate for different reasons. This was taken into serious consideration in the different adaptations. For example, the main characters and actions of some items in the English CAT (e.g. 'butcher', 'nun', 'winding a watch', 'licking a stamp') were not used in some languages, as these are obsolete or not equally familiar across all the language communities. Another example was the typical representation of items like 'school' and 'church', which may be different across cultures. Therefore, appropriate pictures were selected for each language community, based on a consensus among the members of the adaptation teams and/or on a naming agreement test. It is important to note that verbs with a negative connotation (e.g. 'killing', 'shooting') were avoided in all languages.
While respecting the structural and cultural differences across languages, we tried to make the design of each of the tests as similar to the original as possible. For example, for the sentence comprehension subtests, the same picture choice was used for all languages, as developed by consensus, although the sentences used with those pictures varied between languages depending on the structural properties of the particular language system (for more details on the linguistic adaptation, see section c).
b. Underlying psycholinguistic variables
The selected psycholinguistic variables that were taken into account in the present CAT adaptation are imageability and word frequency.
Imageability
Imageability is a psycholinguistic variable that is used to explain the relative ease with which a word gives rise to a mental image or sensory experience (Paivio, Yuille, & Madigan, 1968) . Imageability values are established on the basis of native speakers' ratings. For some of the languages, and prior to this work, imageability values had been established for a wide range of words (e.g. Bird, Franklin, & Howard (2001) and Cortese & Fugett (2004) for English; Simonsen, Lind, Hansen, Holm, & Mevik (2013) for Norwegian; Desrochers & Thompson (2009) for French). However, this was not the case for many of the other languages into which the CAT is being adapted (e.g. Basque, the two varieties of Greek, Hungarian or Serbian).
For languages without established imageability values, imageability ratings were collected for the relevant candidate words to be included in the CAT. 6 This was done through the use of questionnaires, for which at least 20 participants rated each selected word on a 7-point Likert scale, with one representing 'impossible to create an image' and seven representing 'very imageable'. When selecting items for these subtests, it was of course important to ensure that there was a gap between the high and low imageability items, respectively.
The contrast between high and low imageability was relevant for word repetition (subtest 12), word reading (subtest 20), object naming (subtest 17), written picture naming (subtest 25) and writing to dictation (subtest 26).
Frequency
The second property included was frequency. Word frequency is a psycholinguistic variable that is used to indicate how often a word is used, be it in spoken or written form (Bastiaanse et al., 2015) . Ideally, frequency measures should be taken from spoken corpora (Brysbaert & New, 2009) , as was done in the CAT adaptation for French. Written corpora may also be used, as written and spoken frequency corpora typically correlate highly (e.g. Pastizzo & Carbone, 2007) . Hence, web-based or other written corpora as a proxy for spoken language were used as an alternative to collect ratings for this variable (Basque, Catalan, Cypriot Greek, Hungarian, Norwegian, Greek, Swedish). In languages without such corpora, familiarity ratings can be collected (i.e. subjective ratings of how often one uses the word; Noble, 1953) , as was done for Croatian and Turkish. It has been found that frequency and familiarity scores significantly correlate (see Tanaka-Ishii & Terada, 2011, and references therein). Moreover, a combination of corpora and familiarity ratings was used for Serbian and Spanish.
The language battery of the CAT incorporates a contrast between high-and lowfrequency words in tests involving comprehension of spoken words (subtest 7), word repetition (subtest 12), object naming (subtest 17), written picture naming (subtest 25) and writing to dictation (subtest 26). In order to find appropriate words for the relevant adaptations, one needs to decide on which frequencies are to be considered as low and which ones as high. However, the distribution of word-frequency values is heavily rightskewed with a lot of low-frequency words and relatively few high-frequency words, making it difficult to statistically determine the low and high frequency cut-offs. Not every language adopted the same cut-off criteria, but as a common principle, there was a gap between high-and low-frequency exemplars. 7
c. Linguistic properties
Some of the linguistic challenges stemmed from the fact that languages largely differ in their typological properties (with respect to phonology, semantics, (morpho)syntax, lexicon, etc.), and this is the case for both closely related (e.g. Norwegian vs. English) and more distantly related languages (e.g. Turkish vs. English or Basque vs. English). For example, English orthography is less transparent than the orthography of languages such as Greek and Spanish (e.g. Seymour, Aro, & Erskine, 2003) . With respect to sentence structure, passive sentences are more commonly used in English than in languages such as Basque, Croatian and Greek. These are only some cases where matching between different languages was challenging. Table 1 presents the selected linguistic properties that were taken into account in the present CAT adaptation, as accommodated by each language team.
Spelling-to-sound regularity
Spelling-to-sound regularity refers to the relative ease with which the phonetic realisation of a word can be predicted on the basis of its orthography/spelling and, conversely, to the relative ease with which the orthography of a word can be predicted on the basis of its phonetic realisation. A word is considered as 'regular' when its pronunciation or spelling is correctly produced by the grapheme-sound correspondence rules of a language and 'irregular' when its pronunciation or spelling cannot be predicted from these rules (Protopapas & Vlahou, 2009; Ziegler, Perry, & Coltheart, 2003) . The relevant subtests that involved this variable are reading words (subtest 20), written picture naming (subtest 25) and writing to dictation (subtest 26).
Languages vary in the degree of this type of regularity. In languages with opaque orthography, such as English and French, there are many irregular words (see Ziegler, Perry, & Coltheart, 2000) . For example, the word 'yacht' in English is pronounced [ˈjɒt], not [jaetʃt] , and, conversely, the spelling/orthography of this word cannot be predicted on the basis of its pronunciation ([ˈjɒt] ). Additionally, while some items involved irregular words in the original CAT (e.g. giraffe), their equivalent translation would provide a regular item (e.g. in French: girafe) and thus would not be adequate for the adaptation. For languages with transparent orthographies (e.g. Basque, Greek, Serbian, Spanish, Turkish), a contrast between regular and irregular words is not available. One solution to test for regularity errors in such languages was to include words for spelling or reading where at least one sound unit corresponds to more than one grapheme (e.g. Greek: the word αίμα /éma/'blood', where the combination of the first two graphemes <a> and <i> is pronounced as the single [e]). Given that in languages like Greek some sounds have more Active sentences with object-extracted relative clauses than one possible orthographic realisation (for instance, [e] can be realised as <aι> or as <ε>), the orthography of words including such sounds is unpredictable on the basis of their phonetic realisation. Other languages with transparent orthography (e.g. Basque) opted instead simply to drop this as a variable in reading.
Word length
Another linguistic property of the CAT is word length. In the original CAT, mono-and tri-syllabic words (e.g. head, hospital) were included as short and long words, respectively, in word repetition (subtest 12), object naming (subtest 17), reading words (subtest 20), written picture naming (subtest 25) and writing to dictation (subtest 26). However, what is long and what is short differs across languages. English, for example, has many monosyllabic words, but morphologically rich languages such as Basque, Greek, Hungarian, Spanish and Turkish have few monosyllabic words. Given this difference between languages, we decided that languages with few monosyllabic words should include di-and tetra-syllabic words as short and long words, respectively (e.g. Spanish) (Table 1) . What was important was to keep the one-syllable gap between short and long words (i.e. successively from one-to four-syllable words). Short and long words differed both in number of syllables and sounds.
Sentence length and complexity
A final major challenge relating to linguistic structure is the property of sentence length and complexity relevant for comprehension of spoken sentences (subtest 9), comprehension of written sentences (subtest 10), comprehension of paragraphs (subtest 11) and repetition of sentences (subtest 16).
For sentence length, both content and function words were relevant. However, given that languages differ in a number of morphosyntactic variables (free-standing function words, use of pronouns, temporal and aspectual marking, etc.), adapted sentences could not always consist of the same number of words across languages. Hence, in the sentence repetition subtest, we decided to keep the number of content words constant but not necessarily the same overall number of words. This yields, for example, the English sentence 'They decided to paint the room blue' (four content words, seven words in total) and its Swedish equivalent 'De valde att måla rummet blått' (four content words, six words in total) or its French equivalent 'Ils ont decidé de peindre la chambre en bleu' (four content words, but nine words in total). Other adaptations included the replacement of the progressive present used in the English version by simple present forms (for instance, in Basque, French, Greek, Norwegian, Serbian and Spanish), the addition of the omitted pronoun when relevant (e.g. English: The carpet the cat is on is green; French: Le tapis, où le chat se repose est vert), and adjective-noun inversions (e.g. English: The green cat is on the carpet; French: Le chat vert est sur le tapis 'The cat green is on the carpet').
Regarding structural complexity, passive sentences are included in the original CAT as a type of structurally complex sentences. However, while passive sentences are frequently used in English, they are either relatively infrequent in languages such as Croatian, Greek and Serbian or non-existent, like in Basque. In these languages, passives cannot be used as an appropriate example of structurally complex sentences. We therefore decided that for such languages, other structurally complex sentences should be used, for example, sentences with object-extracted relative clauses (e.g. Greek) or with derived word order (OVS) (e.g. Basque) (Table 1) . These sentence types are similar in that they are noncanonical and involve syntactic displacement. For examples of passive sentences, sentences with object-extracted relative clauses and OVS sentences, see (1), (2) and (3), respectively.
(1) The boy i was kissed __ i by the girl.
(2) The boy i that the girl kissed __ i is tall. 
Discussion
This methodological article was motivated by the need for common assessment and outcome measures across different languages, as identified within COST Action IS1208, Collaboration of Aphasia Trialists. This is crucial for aphasia research and clinical practice. In addition, it allows for comparisons between groups of monolingual patients from different language communities. It will also facilitate the assessment of different languages spoken by multilingual individuals with aphasia.
The Comprehensive Aphasia Test (CAT; Swinburn et al., 2004) was adapted into a number of languages. This test is comprehensive in that it assesses both the language impairment in the context of cognitive difficulties and the impact of communication impairment on the participant's quality of life. Most importantly, the CAT is also comprehensive in the sense that its language battery covers all language modalities and levels of linguistic analysis. The adaptation of the CAT represents an update of the state of the art in aphasia research and practice in many countries, as it facilitates the adoption of the cognitive neuropsychological approach to assessment and rehabilitation of language (Whitworth et al., 2014) . In some cases, the CAT adaptation is the first development of a properly designed aphasia test for a language (e.g. Croatian, Cypriot Greek).
Adopting the same design principles as in the original CAT, versions of the test were developed in a variety of typologically different languages keeping the same test format and respecting the linguistic and cultural differences across different language communities. This is very different from past developments of tests in other languages, which often depended on literal translation of the materials.
A limitation we acknowledge stems from the fact that some properties have different degrees of importance across languages. For example, morphological complexity is more relevant in highly inflected languages such as Basque, Greek and Spanish, and spellingsound regularity is more important in orthographically non-transparent languages such as English and French. Since English is not a highly inflected language, morphological complexity was hardly assessed in the original CAT. This was maintained in the adaptations in order to keep comparability. For all the other challenges stemming from the differences across languages and cultures, acceptable solutions were found. The major challenge was to find items and structures related to the underlying properties that are comparably equivalent across languages.
Concluding, the advantages of adapting an existing aphasia assessment tool into a number of different languages outweigh the limitations and challenges encountered. This is so because basing the adaptations on the linguistic and psycholinguistic properties that are central to the original tool helps in constructing equivalent adaptations across languages. Moreover, keeping the same number of subtests and items as well as the same scoring criteria facilitates comparison between languages. It also opens up for larger scale investigations of aphasia.
One of the goals of the present article is to offer this test as an example for adaptations in other languages and to seek to support clinicians and researchers who wish to develop versions of the test in other languages. Future plans include standardisation, norming and validation of the new adaptations of the CAT using data from people with aphasia and neurologically healthy individuals. The validity of the CAT will thus be established for a number of different purposes, including assessment of people with aphasia, measuring change over time, and as an outcome measure for aphasia trials.
